Most structural design codes use elastic analysis to calculate and distribute seismic base shear over the height. This may lead to unsuitable design and may cause undesirable damages to the structure. To solve this problem, in recent years the Performance-based Plastic Design (PBPD) method which considers the plastic behavior of the structure, has been proposed. In this study, the PBPD method is extended to the dual system of moment and eccentrically braced frames. As a code requirement, in dual systems the moment frame must be able to resist at least 25 percent of the base shear. In the proposed PBPD method, the shear resistance of each system is selected at the beginning of design process and this criterion can be contributed to the design process directly. In this regard, three 6, 12 and 20 story structures are designed based on PBPD and conventional method. To assess the behavior of each system, nonlinear pushover and time history analysis are conducted. Results show that dual frames that are designed by PBPD method have less stiffness and strength than frames that are designed by ordinary method. However the yield mechanism is controllable and plastic deformation capacity of structures are better conducted to design in PBPD method. The results also show that the collapse probability of frames that are designed by PBPD method is acceptable.
INTRODUCTION
Most structural design codes use elastic behavior of structures to calculate seismic base shear based on many parameters such as structural system, geometry and site location. The base shear is then distributed over the high of the structure. The distribution of base shear over the high is also based on elastic behavior of the structure. The nonlinear behavior of structures under severe earthquakes is conducted to the calculation of base shear indirectly by many parameters such as Response modification factor (R) Over-strength coefficient (Ω) and displacement amplification factor (Cd). Usually nonlinear behavior of structures appears on specific parts of structural members such as end of beams and columns in moment frames and diagonal members in concentrically braced frames. These elements are called fuse. Fuse elements are designed based on the seismic loads. Fuse elements must also have enough ductility to dissipate seismic energy. Design of other members is performed based on the maximum force produced by the fuse elements. This method is called the Capacity Design Method. In this method, which is not in compliance with the real behavior of the structure, undesired and unpredictable damages may be imposed to the structure.
To solve this problem, the performance-based plastic design (PBPD) method has been introduced [Leelataviwat S et al. (1999) , Leelataviwat S et al. (2007) , Lee SS and Goel SC (2001) , Dasgupta P et al. (2004) , Chao SH and Goel SC (2006a,b) , Chao SH et al. (2007) , ]. The PBPD method is based on the energy method (Housner GW, 1956) . In this method, target drift and yield mechanism of the structure are used as performance parameters. As an example, the ideal yield mechanism in moment frames, MRF, is the flexural yielding at the two ends of the beams and end of columns on the base. In eccentrically braced frames the ideal yield mechanism is shear or flexural yielding of links, and ultimately, flexural yielding at the column base at the first floor. The concept of PBPD was first recommended, for, eccentrically braced frames, EBF, based on the moment balance method (Roeder, C. W. and Popov, E. P., 1977) .
PBPD has been also used to design moment frames (MRF) with lateral force distribution based on UBC97 code (Leelataviwat S et al. 1998) . Considering the fact that UBC97 lateral force distribution does not take into account the effect of the higher modes and nonlinear behavior of the structure, this method has been used again, on moment frames, with a kind of lateral force distribution that considers nonlinear behavior (Lee SS and Goel SC, 2001 ). The results of this study showed that yielding occurred more uniformly over the structure. The, force distribution used in this research which has been obtained based on the nonlinear time history analysis, was considered to be exponential. This method has also been used on the eccentrically braced frames with asymmetric horizontal links (H-EBF) (Chao SH, Goel SC, 2005) . It has also been used on moment special truss and concentrically braced frames (Chao SH, Goel SC, 2006a,b) . Bayat et. al. (2010) summarizes this method to different lateral resisting earthquake systems. Sahoo, D.R. and Chao, S. H., (2010) use this method for buckling-restrained braced frames. PBPD method are used on RC special moment frame structures by and Liao, W.C. and Goel S. C., (2012) . Design of EBF with vertical links (V-EBF) has also been studied through this method (Shayanfar. M.A, 2012). Also PBPD method has been used on steel plate shear wall, non-ductile reinforced concrete frames by buckling-restrained braces, steel moment resistant frame and steel concentric braced frames (Swapnil B et al., 2013 , Khampanit.A, et al., 2014 , Banihashemi, M.R, et al., 2015a ,b, Er-Gang Xiong, et al., 2015 .
Recently, the authors have used this method for coupled concrete shear walls with steel link (A. Karamodin and A. Zanganeh, 2015) . All studies have verified that, in this method, the yield mechanism is controllable, and the plastic deformation capacity of elements is better conducted to design.
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2 PERFORMANCE-BASED PLASTIC DESIGN (PBPD) METHOD PBPD method uses pre-selected target drift and yield mechanism as performance objectives. The degree and distribution of structural damage are directly related to these design parameters, respectively The design base shear for a specified hazard is calculated by equating the work needed to push the structure monotonically up to the target drift to the energy required by an equivalent EP-SDOF to achieve the same state (Chao SH and Goel SC, 2005) . Accordingly, the energy balance relation can be written as (1).
are, respectively, the plastic and elastic energy portions required to push the structure up to the target drift, v S is the design pseudo-spectral velocity, M is the total mass of the structure, γ is the energy modification factor, e C is the normalized design pseudoacceleration, T is the period of the structure and g is the gravity acceleration. According to Fig. 1 , the energy modification factor can be obtained as follows: C and e C level, R is Response modification factor,  R is the ductility reduction factor, s  is the structural ductility factor, which can be written as Eqs. (4) and (5).
Obtaining of  R are suggested by Chao SH and Goel SC, (2005) .
Plastic energy is resulted from the external work done by lateral loads, in the form of Eq. (6).
In above equation i F is the lateral force at i' th story and i h is the i' th story height from base.
Elastic energy is set as Eq. (7), supposing that the structure has been decreased to a single degree of freedom system (SDOF)
By substituting Eqs. (6)- (7) in Eq. (1), base shear will be written as Eq. (8).
In which  is a dimensionless parameter which depends on the structural stiffness, modal characteristics and target drift, which can be calculated from Eq. (9).
In this equation, i  is the shear distribution factor, which is calculated from Eq. (10).
 and y  are, target and yield drift, respectively, and p  is plastic drift which is calculated from Eq. (11).
i W is weight of i'th story, W is the total weight of the structure and  is the exponential distribution factor which is selected based on the structural lateral load resisting system. For example in moment and eccentrically braced frames  have been suggested as 0.5 and 0.75 respectively [(Lee SS and Goel SC, 2001) , (Chao SH, Goel SC, 2005) ]. In this method, the lateral force in the top story is calculated through Eq. (12), and shear force distribution in the height is assumed as Eq. (13).
In above equation V is the base shear , n V is shear at n' th story and i F is lateral force at i,th story.
Figure 1: Ideal behavior of structure and concept of balance energy (Chao and Goel, 2005) .
DUAL SYSTEMS
Dual system is a system in which the resistance against lateral forces is formed through a series of shear walls or braced frames, with a series of moment frames. The shear portion of each series is determined based on their lateral stiffness and their interactions in all stories. Ductility and stiffness are respectively the characteristics of moment frames and braced frames. However, great relative displacements in the upper stories of the moment frames and great story shear in the lower stories of the braced frames are considered to be their problems. Using the moment and braced dual system increases the benefits of each, and decreases their inconvenience. According to the design codes, a system is considered a dual system, if the moment frame bears at least a specified percent of the total shear. In duall frames connection between beam and column, column and foundation and beetween brace and beam is rigid. And connection beetween brace and column is moment release. In conventional method, to design a dual system, the story shears is divided between each subsystem, according to their stiffness, and then each subsystem is designed based on its shear portion. According to AISC (2010) the moment frame alone must be checked to resist at least 25 percent of the base shear. In the PBPD method presented in this paper, the shear resistant of each subsystem from total shear, is selected and entered to the design process directly. So there is no need to control the minimum resistance of the moment frame as required by the codes.
Generally, the conventional design method does not guarantee the formation of a desired yield mechanism in the structure, whereas the PBPD method has more ability to push the structure towards a desired yield mechanism.
The desired yield mechanism in the dual system of moment and eccentrically braced frame is the formation of plastic hinges in the link beams and the moment frame beams, and ultimately the formation of plastic hinges at the column bases.
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Considering the desirable performance of the PBPD method, in moment, concentric and eccentric braced frames, in this paper, this method is developed to the dual system of moment and eccentric braced frame. To this end, three (6 story, 12 story and 20 story) dual system structures are selected. These frames are designed based on the conventional and PBPD method, using the AISC (2010) and IBC (2009) codes. To study the nonlinear behavior and hinge formation mechanism, pushover analysis is used.
DEVELOPING THE PBPD METHOD FOR DUAL MOMENT AND ECCENTRICALLY BRACED FRAMES
Using the performance-based plastic design method, the desired yield mechanism and performance level of the structure must be selected. Three Performance design levels are presented in FEMA 356 code, which are immediate occupancy performance level (IO) (the structure is controlled against an earthquake of 50% occurrence probability in 50 years), life safety performance level (LS) (the structure is controlled against an earthquake of 10% occurrence probability in 50 years) and collapse prevention level (CP) (the structure is controlled against an earthquake of 2% occurrence probability in 50 years). For each performance level, FEMA 356 has suggested a target ultimate story drift
In this study desired yield mechanism in the moment and eccentric braced frame dual system is formation of hinges in the link elements, the formation of moment hinges at the end of the beams and ultimately the formation of hinges at the column bases. Upon selecting the yield mechanism and target drift, base shear will be obtained from Eq. (8).
In the next step, the base shear must be divided between the moment and the eccentric braced frames. Afterwards the base shear of moment and eccentric braced frame subsystems must be divided over the high of each one according to Eq. (13). Knowing the yield mechanism of each subsystem and writing the equilibrium equation between the external work done by external forces and internal work done by internal forces at hinge locations, the internal forces can be calculated. Fig. 2 shows the yield mechanism with the external and internal forces at hinge locations of the moment frame. Writing the energy equilibrium equation leads to Eq. (14) for calculating the beam end moments:
In this equation i F is external forces of moment frame at story levels ( i F is obtain from Eq.
(13) by assuming 5 . 0   ) and Mpc1 is column base moments. n is the number of frame span in the specific direction and i h is the height of i'th story from base. Value of Mpc1 can be determined by using the condition that no soft story mechanism would occur in the first story, when a factor of 1.1 times the design lateral forces are applied on the frame (Leelataviwat S et al. 1999) . Assuming that plastic hinges form at the base and top of the first story columns, the corresponding work equation for a small mechanism deformation gives:
V is the column base shear calculating by dividing the frame base shear between columns and h1 is the high of the first story. For the Eccentrically braced frame, yield mechanism is selected as shear or flexural hinge in the links, as seen in Fig. 3 Applying lateral force to the bracing system, equalizing the work of external forces to that of internal ones, the maximum expected link shears will be obtained from the following Eq.
In the above equation i F   is the external force of braced frame at story levels that is obtained from Eq. (13) Design of column members in moment frames, must be based on the combination of factored gravity loads and maximum expected strength of beams. For this purpose a "column tree" free diagram as shown in Fig. 4 must be considered. At this stage, the required lateral forces acting on this free body must be calculated. The distribution of these forces may be assumed to maintain as given by Eq. (12), and their magnitude can be easily obtained by using equilibrium of the entire free body as follows:
In this equation  is obtained as follows:
Then the column end moments and shear force in each story are calculated by applying the expected beam end moments and lateral forces applied at each level. The design of elements outside the shear links in braced frame, including beams, braces, and columns, is also performed based on the capacity design approach. That is, elements outside the shear links should have a design strength to resist the maximum expected shear and moments developed in the links. Once the maximum expected link shear and moments are determined, the frame can be cut into several free body diagrams Fig. 5 The lateral forces on these diagrams must be updated. They should be updated based on the expected strength of shear links because they have significant influence on the internal forces of members outside the shear links. The required balancing lateral forces are assumed to maintain the distribution as used earlier and can be easily calculated by using moment equilibrium of the free body as Eq. (19):
In the above relation:
L and e are respectively the length of span and link element and ui w is the factored dead and live load combination at i' th story. y R is the ratio of maximum expected yield stress to minimum yield stress in material. 
PROBABILITY COLLAPSE EVALUATION
One of the effective ways for assessing the vulnerabilityof structures is Seismic risk assesments Fragility assesments have an important role in a seismic risk assessment to evaluate the correcty of design method. For obtaining the fragility curve that shows collapse probability in maximum acceleration ground motion, earthquake records are selected and for each record, maximum inter-story drift is obtained. And by using exponantional regration ( b as y  ) curve of drift according peak ground motion acceleraton (PGA) is obtained. And fragility curve derive by using below fragility relation that is developed by Wen et.al (2004) .
In above equation,  is normal standar distribution, and cl  is ln (average capacity drift for specified limit), (2000) . According to FEMA P695 If less than one half of the records causes collapse, the structure meets the collapse performance objective and collapse probability of the structure under MCE (Maximum Considered Earthquake) ground motions is accepted. Goel, 2005) respectively, the yield drift in dual frame is assumed to be determined as a linear combination of yield drifts in the moment and eccentrically braced frames based on the percentage of their base shear. In this study the moment frames will be designed for 25% of base shear. So the yield displacement for dual frame is calculated as 0.00625. The selected yield mechanism for these structures consists of formation of shear or moment hinges in the horizontal link elements of the braced frame, formation of flexural hinges at the end of the beams and finally, formation of hinges at the column bases. The base shears of structures are calculated from Eq. 8. The base shear and parameters of PBPD method for 12 story structure are shown in table 1. Upon determining the base shear of the moment and eccentrically braced frames, they are distributed over the high of each frame using Eq. (13). Afterwards the beam end moments can be calculated from Eq. (14), and then suitable frame sections selected. Similarly link beams in eccentrically braced frames can be designed for the maximum shear calculated from Eq. (16). The designed sections of 12 story moment frame beams and eccentrically braced links are shown in table 2. It can be seen that the link and the flexural beam sections in the PBPD method are smaller than those in the conventional method.
CASE STUDY
After designing of beams and links in different stories of the frames that are designed by PBPD method, the maximum expected moment and shear and lateral forces equilibrating with these forces are calculated from Eq. (17) - (18) respectively for the moment and braced frames. Table 3 shows the calculated forces for the 12 story structure .The columns of moment and braced frames will be designed as indicated in section 4. The columns of the ordinary frame will be designed using the conventional methods. Table 4 indicates the characteristics of the column sections of the moment and braced frames of the 12 story structure, designed through the PBPB and conventional methods. IPE140  IPE180  IPE140  IPE180   11  IPE140  IPE200  IPE160  IPE240   10  IPE140  IPE200  IPE160  IPE240   9  IPE140  IPE200  IPE180  IPE270   8  IPE180  IPE270  IPE180  IPE270   7  IPE180  IPE270  IPE180  IPE270   6  IPE180  IPE300  IPE200  IPE270   5  IPE180  IPE330  IPE200  IPE240   4  IPE200  IPE330  IPE200  IPE240   3  IPE200  IPE360  IPE200  IPE220   2  IPE200  IPE360  IPE200  IPE220   1  IPE200  IPE330  IPE200  IPE220 IPE is European standard universal I beams (I section) with parallel flanges. In BOXa*b*c, a is width of section, b is depth of section and c is thickness of section.dimensions are in mm.
PERFORMANCE EVALUATION
Two methods are used to evaluate the performance of the structures designed based on ordinary and PBPD method. Firstly a static nonlinear analysis is used to evaluate yield mechanism and hinge formation, push over curve, demand ductility, inter-story drift and link rotations. A series of time history analysis are also used to construct the fragility curves of structures and determine collapse probabilities based on FEMA695.
Static Nonlinear Analysis
To evaluate the performance behavior of structures designed based on the two methods, a static nonlinear analysis is conducted. For static nonlinear analysis the equivalent static load pattern is selected and the structures are pushed over a specified drift of roof.
The target drift of each structure under the design earthquake spectrum is calculated and the performance of structures designed based on PBPD method is compared with structures designed based on the conventional method. Several factors are compared. The first factor is the hinge formation and yield mechanism of the structures. Fig .6 shows the number and order of hinge formation at the same roof drift of the structures. In general it is seen that the number of hinges in the structures designed by PBPD method are more than the hinges in the structure designed by conventional method. For example, the number of hinges in the 20 story structures is 41 and 31 for structures that are designed by PBPD and conventional method respectively. It is also seen that in the 20 story structure that is designed by conventional method one column is yielded, however no column is yielded in the Structures that are designed by PBPD method. It can be concluded that more energy is dissipated in Structures that are designed by PBPD method and expected yield mechanism is nearly reached. The pushover curves of the structures are compared in Fig. 7 , it can be seen from the figure that the stiffness and strength of Structures that are designed by PBPD method are less than structures that are designed by conventional method. For example the maximum strength of 12 story structures that are designed by PBPD and conventional method are 38 tonf and 100 tonf respec-tively. It is also seen from the figure that in structures that are designed by conventional method the strength drop is accrued in less drift than Structures that are designed by PBPD method. This drop is due to strength drop in some member hinges. It can be concluded that however the structures that are designed by conventional method have more strength and less hinges but the plastic deformation are concentrated in some members. But in PBPD method structures the plastic deformation are distributed over more members.
As it is shown in Figure: 7 performance points obtains from intersection between spectrum curve and pushover curve according to FEMA440 (2005) . The ductility demand of structures at target drift is shown in Table 5 . It obtains from dividing the target drift over the yield drift. It is seen that the ductility demand of Structures that are designed by PBPD method are more than the structures that are designed by conventional method. So it can be concluded that PBPD method can better include ductility of the structures in design process.
Frame µ (ductility demand ) 6-story PBPD method 4.4 6-story ordinary method 2.6 12-story PBPD method 3.3 12-story ordinary method 1.9 20-story PBPD method 3 20-story ordinary method 1.6 The story drift and base shear at performance point are 0.01 and 38 ton for 12 story frame that is designed by PBPD method and 0.0075 and 90 ton for 12 story frame that are designed by ordinary method. Figure.8 shows the link rotation at the performance point for both structures that are designed by PBPD and ordinary method. It is seen from the figure that the maximum link rotation of the Frame that is designed by PBPD method at the performance point is larger than the frame that are designed by ordinary method. However it is less than maximum allowable (according to FEMA 356, CP limit state is 0.14 rad). For example, maximum amount of link rotation in 20 stories Frame that is designed by PBPD method is 0.05 rad and in 20 story frame that are designed by ordinary methods is 0.03 rad. It is also seen that, in 6 story frame that are designed by ordinary method link rotation suddenly increase at 5th story which is more than the CP limit this is due to poor design method that concentrats all plastic deformation in few members. In general it can be concluded that in PBPD method the plastic deformations are distributed over the height but in frames that are designed by ordinary method they are concentrated at some elements which may lead to unexpected damages.in the other words the rate of variation in distribution of plastic deformation in ordinary method is not as uniform as PBPD method.
The comparison of the inter-story drift at the performance point, for the structures designed based on the two different methods, are shown in Figure. 9. It is seen from the figure that in the Structures that are designed by PBPD method, the maximum inter-story drift is larger than frames that are designed by ordinary method. However in 6 stories frame that are designed by ordinary method inter story drift suddenly increases at 5th story because of design method. As an example, in figure 9-b for 12 story frame, inter story drift in critical story of Frame that is designed by PBPD method is 0.02 rad and in critical story of frame that are designed by ordinary method is 0.012 rad.
As a general performance it is concluded that the Structures that are designed by PBPD method have less strength than frame that are designed by ordinary method and plastic deformations are more in Frames that are designed by PBPD method. It means that in PBPD method ductility of structures is better conducted to the design of structures. 
Probabilistic Collapse Evalution
In this section, according to FEMA P695 (FEMA P695, 2009) collapse probability of the Frames that are designed by PBPD and ordinary method have been evaluated. For this purpose, the fragility curve of each frame is obtained. For obtaining the Fragility curve and collapse evaluation, in this study, 22 records of Los Angles earthquakes are selected (SAC steel ground motion). Characters of selected ground motion are in Table. 6. Fragility curves for the CP limit state are obtained based on Eq.25. Table. 7 calculates requirement parameter for obtaining fragility curve in 12 story frames that are designed by PBPD and ordinary method. Figure. 10 compares the fragility curves of 6, 12 and 20 stories frames that are designed by PBPD and ordinary method. Figure shows that for a specific PGA, Collapse probability in Frames that are designed by PBPD method is lower than frames that are designed by ordinary method. For collapse evaluation, selected records are normalized according to FEMA P695 and then applied to each frame. Results are classified as collapsed and non-collapsed frames (FEMA P695, 2009). Collapse limit states are based on table C1-3 in FEMA 356 (2000) . According to FEMA P695. If less than one half of the records cause collapse, the structure meets the collapse performance objective and collapse probability of the structure under MCE (Maximum Considered Earthquake) ground motions is accepted. In this study normalized records are applied to 6, 12 and 20 stories frames that are designed by PBPD and ordinary method. Results show that frames that are designed by PBPD and ordinary method have acceptable collapse probability and structures meet target collapse limit. The number of earthquakes that cause collapse in the PBPD and ordinary structures are shown in 
CONCLUSION
After designing the structures by the PBPD and ordinary methods, and applying the nonlinear static and dynamic analysis to the structures, the following results are obtained:
• The number of hinges in the structures designed by PBPD method is more than the hinges in the structures designed by conventional method. It can be concluded that more energy is dissipated in structures that are designed by PBPD method. It is also seen that in the structures that are designed by conventional method unexpected mechanism may occure.
• The stiffness and strength of structures that are designed by PBPD method are less than structures that are designed by conventional method. In structures that are designed by conventional method the plastic deformation are concentrated in some members and strength drop may occure. But in structures that are designed by PBPD method the plastic deformation are more distributed over the structure.
• The ductility demand of structures that are designed by PBPD method is more than the structures that are designed by conventional method.
• The maximum story drift and link rotation of the Frames that are designed by PBPD method at the performance point are larger than the frames that are designed by ordinary method. However they are less than the acceptable limits. In Frames that are designed by PBPD method the plastic deformations are distributed over the height, but in frames that are designed by ordinary method they are concentrated at some stories and members which may lead to unexpected damages. • The structures that are designed by PBPD method have less strength and more ductility demands than frames that are designed by ordinary method. It means that in PBPD method ductility of structures is better conducted to the design of structures.
• Results show the frames that are designed based on PBPD and ordinary methods have acceptable collapse probability and both structures meet target collapse limit.
